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(54) Title: IMMUNOREACITVE PEPTIDE CTL EPITOPES OF HUMAN CYTOMEGALOVIRUS PP150 

£j (57) Abstract: The invention provides peptides which are immunogenic epitopes recognized by CD8* class I MHC restricted cy to- 
toxic T-iymphocytes of patients harboring latent cytomegalovirus (HCMV) infection. The peptides are capable of activating CTL 
Q in fee absence of active viral replication, and thus are useful for eliciting a cellular immune response against HCMV by normal and 
Jj* inunnnodeficient subjects. Vaccines against HCMV, with and without adjuvants, and immunological and diagnostic reagents are 
^ disclosed. 
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IMMUNOREACTIVE PEPTIDE ; 
CTL EPITOPES OF HUMAN CYTOMEGuALOVIRUS PP150 

V This application claims priority from prior copending 
provisional application Serial No. 60/241,944, filed October 
20, 2000. ; 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 
This invention was made with government support in the 
form of grant nos. CA30206 f CA77544 and CA33572 from the 
United States Department of Health and Human Services, 
National Cancer Institute. The government may have certain 
rights in the invention. 

BACKGROUND OF THE INVENTION 
1. EjBghDifiaj Field 

[OOOl] This invention relates to human cytomegalovirus 
(HCMV), and in particular to peptide fragments from a 
protein that produces T-cell epitopes of HCMV in human . .. 
beings. The peptide fragment epitopes are capable of 
directing human cytotoxic T lymphocytes (CTL) to recognize 
and lyse human cells infected with HCMV. 

2. Descript ion of the Background Art 
£0002] The HCMV genome is relatively large (about 235/000 
base pairs) and can encode more than two hundred proteins . 
HCMV comprises a nuclear complex of double-stranded DNA 
surrounded by capsid proteins having structural or enzymatic 
functions, and an external glycopeptide- and glycolipid- 
containing membrane envelope. 

[0003] HCMV infection is relatively common and is usually 
. self-limiting in the healthy, immunocompetent child or adult 
(L. Rasmussen, Curr, Top, Microbiol- Immunol, 154:221-254 
(1990)). However, the virus can cause severe disease in the 
fetus or infant . For example, HCMV is a common " cause of 
congenital mental retardation in children who acquire the \ 
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•/ infection in utero from mothers carrying an active ■ 
v infection. Other newborn infants can carry cytomegalovirus 
for some time before they show symptoms of the disease. 
• Approximately 10% of all newborn infants carry HCMV." 
5 [0004] Patients with an active HCMV infection often 

suffer impairment of at least some of their vital organs f 
including salivary glands, brain, kidney, liver and lungs. 
.Furthermore, HCMV is associated with a wide spectrum of 
.classical syndromes including mononucleosis and interstitial 
10 pneumonia. HCMV also has an oncogenic potential and a 
.possible association with certain types of malignancies, 
including Kaposi's sarcoma. 

[0005] Persistent and apparently asymptomatic HCMV ; , : . 
infection in an otherwise healthy adult also may pose health, 
15 risks in certain individuals. For example, individuals who 
have undergone coronary angioplasty sometimes subsequently / 
develop restenosis as a result of arterial remodeling. In 
. one study, about one third of such patients with restenosis 
had detectable HCMV DNA in their arterial lesions (E. Speir 
20 et al., Science 265:391-394 (1994)), whereas in another 

study HCMV seropositive patients were five times more likely 
to develop restenosis than their seronegative counterparts 
(Y.F. Zhou et al., New Englan d J. Med. 335: 624-630 (1996) ) ; 
.. These studies suggest that decreasing the number of HCMV 
25 infected host cells can benefit certain individuals. 

[0006] HCMV also has been associated with morbidity and 
mortality in immunocompromised patients. HCMV is an 
important consideration in the treatment of patients 
suffering from Acquired Immunodeficiency Syndrome (AIDS). 
30 The defining complication of HCMV is viral retinitis, which, 
if left untreated, can lead to blindness. Other disease : 
: manifestations of HCMV viremia include encephalitis, 

enteritis and pneumonia. At autopsy there is multi-organ 
' involvement of HCMV. disease in the majority of AIDS patients 
35 who had severe HCMV retinitis. Historically,. HCMV disease 
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has been, one of the more devastating of the opportunistic : . 
infections that beset HIV-infected individuals whose CD4 + T 
cell level diminishes below 100/mm 3 . 

[0007] HCMV can cause opportunistic infections in, for 
example, immunosuppressed organ transplant patients. Prior 
to the use of antiviral chemotherapy, HCMV infection had 
been responsible for a substantial proportion of post-bone ..; 
marrow transplantation complications (J. Meyers et al., 
Tnfant Pis. 153:478-488 (1986)). The use of drugs such as 
gancyclovir with substantial anti-HCMV activity have reduced 
complications associated with post-bone marrow transplant . ; :, 
HCMV infections (G. Schmidt et al. New England J, Med, 
324:3.005-1011 (1991); J. M. Goodrich et al., New England «J t . ; 
Med. 325:1601-1607 (1991)). However, prophylactic \ 
administration of gancyclovir has several negative 
consequences, including neutropenia and increased numbers of 
fatal bacterial and fungal diseases. Equally importantly, 
gancyclovir also delays reconstitution of cellular immunity 
as well as specific cellular responses to CMV. This results 
in a complication referred to as "late CMV disease," which 
arises about 90 days post-transplant. Late CMV disease can 
result in morbidity or mortality and is most common in \ 
patients who have received either prophylactic or 
therapeutic gancyclovir treatment soon after transplant. 
£0008] A CD8 + CTL response is believed to be important in 
a mammalian host response to acute viral infections such as 
HCMV. The observations that HCMV infection is widespread 
and persistent, and may be reactivated and become clinically 
evident in the immunosuppressed patient, suggest that virus-r 
specific T-cells play an important role in the control of 
persistent infection and the recovery from HCMV disease. 
[0009] In humans, protection from the development of HCMV 
disease in immunosuppressed bone marrow transplant 
• recipients correlates with the recovery of measurable CD8 + 
HCMV-specific class I MHC-restricted T cell responses 



WO02/34769 



PCT/US01/32589 



(Quinnan et al.»> N. Eng. J. Med- 307:7-13 (1982) ; Reusser et 
al., Slo^d 78:1373-1380 (1991)). The transfer of donor-,, 
derived HCMV-specific CD8 + CTL clones to allergenic bone 
marrow transplant recipients results in detectable CTL-based 
HCMV immunity, and statistically significant diminution of 
HCMV disease after bone marrow transplant (Walter et al., 1L_ 
Eng. J. Med. 333:1038-1044 (1995)). Although successful in 
application, this approach has the disadvantage that it . 
requires a sophisticated laboratory setup, which is also 
highly labor-intensive and costly, to derive the HCMV- 
specific CTL ia vitro . 

[00010] Because human cytomegalovirus is relatively : 
Common, yet is associated with some extremely serious health 
conditions, a vaccine which can reduce disease incidence and 
severity in a bone marrow transplant recipient, a solid 
organ transplant, a heart patient, an AIDS patient or a 
woman of child-bearing years would be highly desirable. 
Several HCMV vaccines are in development, including live 
attenuated CMV, ' CMV proteins carried in attenuated pox- 
viruses and soluble analogs of CMV membrane proteins, 
Unfortunately, the FDA has not approved any of these 
i vaccines as safe and effective, despite the great efforts, 
made in their development. 

[00011] Vaccine development using CTL epitopes kas become 
a widely adapted strategy to immunize individuals against 
infectious diseases and cancer. The specificity of CTL 
epitopes, and the fact that intracellular protein processing 
is not required, makes them an attractive alternative to. the 
use of whole proteins as immunogens. To develop such a \ 
vaccine, the viral proteins which cause the host to 
recognize HCMV must be identified. 

[00012] A variety of antigens, including tumor antigens; 
viral antigens and self-proteins are processed into peptides 
which are delivered to MHC Class I for presentation on the re- 
surface' of antigen presenting cells (Reddehase et all, 



WO 02/34769 PCTAJS01/32589 

Nature 337:651-653 (1989); Rosenberg et al., Nat- Efed, 
4:321-327 (1998); Visseren et al., {T. Immunol. 154:3991-3998 
(1995)). Since the discovery that 8-12 amino acid fragments 
of cellular or viral proteins are embedded in the peptide 
binding groove of MHC Class I, there has been considerable 
interest in identifying the amino acid sequence of these 
fragments (Joyce and Nathenson 1994; Rammensee et al. 1993) . 
Some of these peptides have been identified, formulated into 
vaccines, and evaluated for efficacy against certain viral - 
diseases and cancer (Vitiello et al. 1995; Wang et al. 
1990) . 

[00013] The viral life cycle provides insight as to the 
most effective time frame for targeting a vaccine to 
maximally disrupt virus production and spread. Following 
HCMV entry into the host cell and uncoating, the viral 
genome is expressed sequentially via immediate early (0-2 
hour) , early (2-24 hour) and late (>24 hour) viral proteins. 
However, certain viral structural proteins such as pp65 and 7. 
pplSO are chaperoned into the cell because of their 
existence in large quantity in the viral particle. ■ 
[00014] The viral structural protein, pplSO, has been 
identified as a target antigen for HCMV-specific class I MHC 
restricted CTL derived from the peripheral blood of most; 
asymptomatic HCMV seropositive individuals. CTL against 
pplSO or pp65 (another matrix protein that is recognized 
/ frequently) are able to recognize and lyse HCMV- infected 
cells in vitro within an hour of infection and in the 
absence of viral gene expression (Riddell and Greenberg, 
' r.m-r. TotK Microbiol. Intmunol. 189:9-34 (1994)) . Thus, CTL 
against HCMV ppl50 are important effector cells to limit 
HCMV reactivation and progression to disease. The ability 
to induce such a cellular immune response in both ; 
immunocompromised and normal individuals would be extremely ., 
important; in creating, an effective vaccine. (Li et al.., .filfi££i 
83:1971-1979 (1994) ) . ' Peptides based. on pp65 sequences 
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; which are useful for vaccines are described in U. S. Patent 
6,074,645, the disclosures of which are hereby incorporated , 
by reference, . 
[00015] Individual MHC Class I molecules preferentially 
5 bind peptides of a given motif . - The amino acid sequence of . ; 
; specific positions of the motif are invariant, allowing a 

given peptide to bind to MHC Class I molecules with high 
/affinity. These invariant amino acids are referred to as 
/"anchor positions" (Falk et al., MfclAEa 351:290-296 (1991)). 
10 Later studies have suggested that amino acid positions other 
than the anchor positions also contribute to the specificity 
. of peptide binding to MHC Class I molecules. Additionally, . 

residues at positions within the CTL epitope which do not. 
. interact with MHC Class I molecules may interact with T 
15 ; cells, presumably by binding the T Cell receptor (TCR) . The 
binding of amino acid residues to MHC or TCR structures is. 
/independently governed, so that substitution of TCR binding V 
amino acid residues in many cases will not interfere with ; 
binding to the MHC molecule on the surface of an antigen 
20 presenting cell. 

[00016] Edman degradation followed by N-terminal sequence/; 
analysis has been used to sequence the peptides which are 
bound to the MHC class I peptide binding groove. Mass . 
spectrometry of HPLC-separated peptide mixtures can 
25 elucidate the primary sequence of individual peptides. In. 
most cases, the length of these peptides is between 9 and 11 
amino acids. Peptide fragments which bind to MHC are .: 
/ v referred to as "naturally processed epitopes." 

[00017] Some workers have attempted to predict which 
30 . peptides of a given length, between 9-11 amino acids, will 
optimally bind to individual HLA Class I alleles based \ 
solely on their conformity to a motif specific for that. . 
allele, v (Falk et al. , Nature 351:290-296 (1991) ) . However,; 
these methods do not reliably predict either, correct binding 
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or recognition by T cells as a result of endogenous 
processing of viral protein. 
100018] Experience with another HCMV protein, pp65, has 
indicated that the available motif programs are not 
sufficiently adept at correctly predicting sequences which 
are recognized by human T-cells specific for an immunogenic 
viral protein. Identification of naturally processed 
epitopes generally requires brute-force approaches/ 
including truncation analysis , overlapping peptides , and 
peptide deletions consisting of single amino acid removal 
from either the amino or carboxyl terminus followed by assay 
for recognition and binding. Therefore, epitope mapping is 
almost completely empirical. Andersen et al. f Tissue : 
Antigen 55:519-531 (2000). 

[00019] CTL are an important means by which a mammalian 
organism defends itself against infection by viruses and 
possibly cancer. A processed form of antigen, such as a 
viral protein minimal cytotoxic epitope, is recognized by T 
cells in combination with MHC Class I molecules. Functional 
studies of viral and tumor-specific T cells have confirmed 
that a minimal cytotoxic epitope consisting of a peptide of 
8-12 amino acids can prime an antigen presenting cell to be 
lysed by CD8 + CTL, as long as the antigen presenting cell 
presents the epitope in the context of the correct MHC 
molecule. 

[00020] The route of entry of a protein into the cell 
determines whether it will be processed as an antigen bound 
to either MHC Class I or Class II molecules. The endogenous 
or Class I pathway of protein degradation is often used by 
cells when infectious viruses are present. Viral 
nucleoproteins are processed within the cell, and degraded 
portions are transported to the surface via MHC Class I 
molecules . Viral envelope glycoproteins, because they are 
cell .surface molecules, do not obligatorily, induce CTL 
recognition. Viral nucleoproteins, predominantly in the 
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form of processed epitopes, frequently are the target ' V; 
antigens recognized by CD8+ CTL (Townsend et al. Phllos . 
Tr^n.^. R. Soc. Lond. (Biol) . 323 : 527-533 (1989) ) . 
. [00021] Antigens entering the cell through exogenous 
5 pathways (pinocytosis, etc.) typically are not processed and 
presented by Class I MHC molecules. Methods to introduce 
proteins directly into the cytoplasm, therefore, have become 
one focus of vaccine developers. Recombinant vaccinia 
. viruses can be used to infect cells, delivering a large 

10 amount of intracellular antigen, however these viruses 
themselves have the potential to cause disease in 
immunosuppressed people, such as bone marrow transplant " 
V recipients or AIDS patients. Attenuated vaccinia virusets, 
such as modified vaccinia ankara or canary pox viruses offer 

15 " an alternative to immunosuppressed individuals with respect 
to delivery of antigens and proteins. Recent published 
reports have advocated the use of epitope vaccines in the 
> minimal form, whether they are delivered as proteins made 
from viruses, or utilizing minimal epitope in the form of .; 

20 peptides. Ishioka et al., J. Immunol . 162 : 3915-3925 (1999); 
Fu, J. Virol. 72(2): 1469-1481 (1998); Rodriguez et al., JL. 
Virol- 72(6) :5174-5181 (1998). Another approach to 
vaccination is to mix an antigenic protein with an adjuvant 
and introduce the mixture under the skin by subcutaneous 

25 injection. 

[00022] Another potential approach to elicit cytotoxic T 
lymphocytes is to use the minimal cytotoxic epitope defined 
for a specific viral antigen in the context of a particular 
MHC restriction element to boost a T cell memory response to 

30 the virus. The ability of a minimal cytotoxic epitope to 

provide protective immunity to challenge by a lethal dose of 
' an infectious virus has been discussed in the literature. 
Vaccine developers have developed increasing interest in" 
utilizing the minimal cytotoxic epitope as the vaccine 

35 because it is capable of binding to MHC Class I molecules 
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through external binding of the cell surface molecules 
without the need for internalization or processing. 
[00023] Minimal cytotoxic epitopes generally have been, 
most effective when administered in the form of a lipidated 
peptide together with a helper CD4 epitope (Vitiello et al., 
j" Clin. Invest. 95:341-349 (1995) and Livingston et al., jL. 
Immunol. 159:1383-1392, 1997)). Peptides administered 
alone, however/ also can be highly effective. Other vaccine 
modifications which have been discussed include inclusion of 
a signal sequence such as KDEL for endoplasmic reticulum 
retention and targeting to attain maximum activity. There ; 
is also evidence in the literature that a minimal cytotoxic 
epitope presented by particular types of antigen presenting 
cells (e.g. dendritic cells) may cause a primary immune 
response to occur in the absence of viral infection or prior 
contact with the virus or tumor cell . 

[00024] The peptides and functional sequence variants 
thereof can be formulated as a vaccine as a chimeric 
lipidated peptide or a chimeric peptide with a covalently 
bound HTL epitope at the amino terminus. The HTL epitope 
can be any peptide that has broad reactivity to human MHC 
class II to stimulate a classic helper response- Such 
molecules include but are not limited to amino acids 830-843 
from tetanus toxin (P. Panina-Bordignon et al., Eur * J » 
Immun. 19:2237-2242 (1989)), HTL epitopes from HIV envelope 
protein (J. A. Berzofsky et al., JL Clin. Invest. 88:876-884 

(1991)), or a synthetic version (PADRE) predicted from known 
anchor residues (J. Alexander et al., Immunity 1:7 51-7 61 

(1994)) 

[00025] The lipidation of the HTL+CTL epitope preferably 
is performed on the amino terminus of the HTL epitope, with 
the. HTL epitope being amino terminal to the CTL epitope. ;' 
Suitable lipid moieties are known and described in the 
literature . (H. Schild et al. •', te» fl» Immunol- ., ' 
21:2649-2654 (1991); A. Vitiello et al,, J, Cljn. XnYfist. ■ 
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• 95:341-349 (1995); K. Deres et al. , Ha£nr£ 342:561-564 . 
(1989) ).. Alternatively, the CTL epitope can be lipidated at../ 
its amino terminus, followed by the HTL epitope, or the 
lipid can be attached at the carboxyl terminus followed by 
5 either the CTL or HTL epitope (s). Onlipidated vaccines, as : 
well as mono-, di- and tri-lipidated vaccines are 
contemplated for use with the present invention. A three 
amino acid spacer can be inserted between the HTL and CTL \ 
epitope, or the epitopes can be fused directly in frame. 
10 Alternatively the CTL epitope lipidated on its amino 

\ terminus can be administered together with- the HTL epitope,,/ . 
without covalent attachment. 
. ;/ [00026] In spite of significant efforts to identify the \* 
. particular HCMV antigens and epitopes that are recognized by 
15 CTL, these naturally processed epitopes, along with .; 

.effective methods of preventing and treating HCMV infection 
are not commercially available. Therefore, a peptide-based 
vaccine for this clinically important disease would be of 
enormous value. . 

•20-:V ; ^.^ : ; V. : ,: ; / ' -;-V • : \] : -" 

SUMMARY OF THE INVENTION 
[00027] Accordingly, the present invention comprises .: 
peptides according to SEQ ID NOS: 1 and 2. In a further 
.embodiment, the invention comprises vaccines against human 
25- cytomegalovirus comprising a peptide selected from the group 
consisting of SEQ ID NOS: 1 and 2. 

[00028] In yet a further embodiment, this invention 
comprises a cellular vaccine against human cytomegalovirus 
■• which comprises antigen presenting cells that present a . 
30 peptide selected from the group consisting of SEQ ID NO: 1 
and 2. 

' [00029] ' In yet a further embodiment, the invention : , 
comprises a recombinant viral vector which expresses a gene 
encoding a peptide according to SEQ ID NO: 1 or 2. 
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[0O030] In yet a further embodiment/ the invention 
comprises . methods of modulating the immune response to human 
cytomegalovirus infection which comprises administering a 
vaccine or a cellular vaccine as described above. 
[00031] In yet a further embodiment, the invention 
provides a method of vaccinating a mammal in need thereof 
against human cytomegalovirus which comprises administering 
to said mammal a vaccine or a cellular vaccine as described 
".above. ' 

[00032] In yet further embodiments, the invention provides 
vaccines against human cytomegalovirus which comprise a 
peptide selected from the group consisting of SEQ ID NO: 1 
and SEQ ID NO: 2 and an adjuvant, preferably a DNA adjuvant. 
[00033] In yet a further embodiment, the invention 
provides an immunological reagent which comprises a peptide 
selected from the group consisting of SEQ ID N0:1 and SEQ ID 
NO: 2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[00034] The present invention is directed toward peptides 
which are useful for creating effective vaccines against 
HCMV.; These peptide vaccines are able to elicit a cellular 
immune response against HCMV- infected cells because they are 
the exact epitopes which are recognized by the immune cells 
of persons who have been infected with HCMV and have mounted 
a successful response to the infection. These peptides 
therefore are able to stimulate effective killing; of HCMV 
infected cells and have done so in infected, asymptomatic 
persons. The peptides of this invention are the epitopes 
which are routinely and successfully presented on the 
surface of antigen presenting cells in the human host , 
guaranteeing productive binding to MHC Class I and the 
elicitation .of a, cellular immune response to HCMV in human 
'"'beings. "'/'.■ 



WO02/34769 PCT/USO 1/32589 

• * : •-: .:./ 12 • - '•: : . * ' . ..•/. 

[00035] "Truncations of the pplSO protein expressed in 
vaccinia viruses were screened against ppl50-specific T cell 
clones. These CTL clones were established from HCMV- 
seropositive volunteers using established methods- (Walter 
et al., N. Eng. J- Med. 333 (16) : 1038-1044 (1995); 
McLaughlin-Taylor et al. f J. Med, Virol. 43:103-110 (1994); 
Yee et.al., J. Immunol. 157 (9) : 4074-4086 (1996) ; Diamond et 
al.., Blood , 90:1751-1767 (1997); LaRosa et al., Blood 
97:1776-1786 (2001)). Recombinant vaccinia viruses having 
successive amino and carboxyl terminal deletions of 
approximately 100-200 nucleotides over the entire pplSO gene 
were tested for the ability to sensitize cells for killing 
by the pplSO-specif ic T cells. Progressively smaller 
truncated peptides covering the length of the identified 
sequence were tested until a narrow area of the protein was 
identified as containing the peptide which mediated the : 
cytotoxic T cell response of that clone. When a peptide no 
longer than 100 amino acids was identified, a series of 
overlapping peptides covering the length of the identified \ 
sequence were synthesized for further analysis. Using these 
methods, a scan of the 100 amino acid sequence using 15mer 
peptides overlapping by three amino acids required a total 
of 20 peptides. 

[00036] For the test, autologous and HLA mismatched 
(control) lymphocyte cell lines were sensitized with the 
scanning peptides at a concentration of 50jiM for 1-2 hours, 
and washed.. The relevant CTL then were incubated with 
chromated EBVLCL (Epstein-Barr virus transformed lymphocyte 
cell lines) sensitized with peptide, and a standard chromium 
release assay was performed. The sensitivity of lysis was 
determined, and any positive peptide was further truncated, 
both at the amino and carboxyl termini, until a minimal 
cytotoxic epitope that corresponds to the HLA allele of that 
T cell clone was defined. Table I provides peptide epitopes 
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which are naturally processed from ppl50 by persons having 
the indicated HLA allele. 

Table 1 . HIA Restriction and Sequence of CTL Epitopes " 
from HCMV ppl50. 



HIA Allele 

Restriction 

Element 


Sequence of HLA 
Epitope 


SEQ 

ID 

NO. 


Location 
of CTL 
Epitope 


Number of 

Individuals 

Tested 


HIA A*0301 


TTVYPPSSTAK 


1 


945-955 


2/2 


HIA A*6801/2 


QTVTSTFVQGR 


2 


792-802 


2/2 



[00037] The vaccine epitopes, regardless of primary 
structure, may be injected s.c. into the forearm or other 
body location in a standard formulation buffer (PBS/10% DMSO 
or higher concentration/0.01% triflouroacetic acid or other 
acid or alcohol of the same or different concentration) 
once. Vaccines may be administered in PBS or any other 
pharmaceutical^ compatible vehicle. Three to six weeks 
later, a booster injection of the same material may be 
administered. Multiple booster injections spaced three to 
six weeks apart can be subsequently administered, if 
necessary. 

[00038] Vaccines can be administered to a patient or at- 
risk individual, or to the donor of a bone marrow 
transplant, who is either positive or negative for the 
•virus. Illustrative examples of vaccine peptides include: 
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10 



15 



20 



25 



30 



M-h^rminal C-tSSIftAnal 



(Pam) a - 


-1&SQYIKANSKFIGITE&&&TTJYV PS S TAK 


(SEQ 


ID 


NO: 3) 


(Pam) 2 - 


-KSSAKXVaAWTiKAAATTVYPPSSTAK 


(SEQ 


ID 


NO; 4) 


(Pam)r 




{SEQ 


ID 


NO: 5) 


(Pam) x - 


-KSSQTVTSTPVQGRSS£QyrKAW5KFIGITfJ 


(SEQ 


ID 


NO: 6) 




TTVYPPSSTAKSA&AKXVSiAffrifCAAA 


(SEQ 


ID 


NO:7) 


■ . 


KDELQTVTSTPVQGRQrXKAWSKFXGJrF 


(SEQ 


ID 


NO:8) 




QyiJKWsjcrxGriOT tvyp ps s takkdel 


(SEQ 


ID 


NO: 9) 




AKXV&AWTLKAAJQTTZ S T PVQGR 


{SEQ 


ID 


NO: 10) 




VSrJVPyiGPALWJMaTTVyppSSTAK 


(SEQ 


ID 


NO: 11) 




TTVYPPSSTAKM&V5riVPyiGPALNI / 


(SEQ 


ID 


NO: 12) 




VSTJVPriGPALM^MQTVTSTPVQGR 


" (SEQ 


ID 


NO: 13) 




QTVTSPVQGRAAAVSr JVPriGPALNJ '•: 


(SEQ 


ID 


NO: 14) 




TTVYPPSSTAK ' 


(SEQ 


ID 


NO:l) 




QTVTSTPVQGR 


(SEQ 


ID 


NO:2) 



wherein X is cyclohexylalanine or phenylalanine and "Pam" is 
palmitic acid. The three-A or alternative structural spacer 

35 (underlined) may be interchanged among vaccine peptides/. 
The format of the peptides shown above can be described 
' (from the amino terminus) as: lipid-KSS — HTL epitope 

(italics) — amino acid. spacer (underlined) — CTL epitope. The 
positions of the CTL and HTL epitopes may be interchanged. 

. 40 The CTL epitope (or a functional sequence variant thereof) 
may be further modified by adding a leader sequence and/or 
the amino acids KDEL may be appended to the carboxyl 
terminus to assist retention and targeting into the 
endoplasmic reticulum as exemplified in SEQ ID NO: 8. 

45 Palmitic acid or any suitable lipid may be used, including' 
but not limited to stearic acid, myristic acid, lauric acid, 
capric acid and decanoic" acid. Preferred, lipid moieties 
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Include palmitic acid. - : Alternatively/ forms of the vaccine 
without lipids may be used, choosing the appropriate T- . 
helper epitope that causes immunogenicity either with or 
without accompanying adjuvants. Sequences such as KSS may . 
be included at the amino terminus of unlipidated peptides to 
aid in solubility. Other vaccine formulations include 
peptides having the dextro form of the amino acid on the N-, .. 
terminus. Unlipidated vaccines do not require the KSS 
linker sequence. 

[00039] Adjuvants may form part of the vaccine 
formulation. Adjuvants such as complete or incomplete - 
Freund's adjuvant/ aluminum hydroxide or the like are 
contemplated, however a preferred adjuvant, particularly for. 
use in humans, is a DNA adjuvant . Single-stranded DNA \ ; 
adjuvants comprising specific sequences including Cytosine- 
phosphate-Guanosine' (CpG) are known in the art and are .... 
contemplated for use with this invention. DNA adjuvants ■ 
lacking these CpG sequences also are useful with the 
invention. An exemplary DNA adjuvant may comprise a 20mer 
of nucleotides with 2 CpG motifs, or any DNA oligomer, 
generally about 20 to about 25 nucleotides long. Increased 
stability of the sequence may be obtained by substituting 
phosphate groups in the nucleotide backbone with thioate : ' 
groups to create a phosphoro-thioate backbone rather than a 
phosphoro-diester backbone. 

[00040] Vaccines of this invention also may be formulated 
as DNA vaccine . Suitable vaccines include recombinant viral 
vectors, for example pox virus, which express a gene 
encoding one or more HCMV peptides or analogs of the 
invention. These vaccines may be constructed according to 
methods known in the prior art. In summary, these peptides 
may be administered as a vaccine, alone or combined with ..." 
other peptide sequences, in the presence or absence of an 
adjuvant. Alternatively, a minimal CTL epitope from an . 
immunogenic protein that is delivered utilizing a virus or 
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DNA construct may also induce CTL responses which have been- 
shown to be important for virus reduction and elimination. 
[00041] The peptides of this invention also may be used in 
immunological methods to detect ppl50-reactive CTL in a 
5 patient or a sample from a patient. Assays such as chromium 
release assays as described below or any known assay is 
suitable. Specific T cell clones which recognize ppl50 
peptide may be detected using an Immunological reagent 
comprising the peptides according to SEQ ID NO: 1 or 2, for 
10 example, tetramer reagents such as those described in Altman 
et al., Science 274:94-96, 1996 or 0. S. Patent No. 
5,734,023, the disclosures of which are hereby incorporated 
. by reference, or dimer reagents such as those described in U 
La Rosa et al., Blood 97 (6) :1776-1786, 2001 and Greten et 
15 al., Proc. Natl. Acad. Sci. USA 95:7568-7573, 1998, the 
. disclosures of which are hereby incorporated by reference. 
[00042] MHC tetramers generally are known in the art and 
consist of tetrameric complexes of beta-2 microglobulin, a 
biotinylated MHC class I molecule conjugated to streptavidin 
20 linked to a fluorescent marker, and an antigenic peptide 

such as, for example, a ppl50 peptide or the like. The MHC; 
class I allele and the peptide in combination allow specific 
recognition of T cells which recognize that peptide antigen 
in the context of the class I allele. Multiple complexes 
25 are often linked together to increase binding, since the 

affinity of the individual complex is generally low. Using 
a fluorescently labeled tetramer, specifically binding T 
cells may be separated using known techniques, such as 
fluorescent activated cell sorting and the like. Dimeric 
30 complexes of the same diagnostic reagents taking advantage 
of ppl50 peptide antigens also may be used. 
. . [00043] Those of skill in the art are f amiliar with the 
use of such dimer and tetramer reagents and are fuliy able 
. : to construct and use such reagents for use. in various 
35 diagnostic methods known in, the art.. As well, those of - 
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skill. in the art can readily synthesize useful reagents or ; . 
variants' of these reagents. . , ",/> v ... '\ ' 

[00044] The following examples are intended, to illustrate . 
rather than limit the appended claims. 

: . ; : )/ EXAMPLES' 

V?." Example: 1. . v. Derivation of HCMV-Speoif ic T-pell jS.'/^- 

• • '• . r\>' Clones* • \?>iv\" : 

[00045] Forty to fifty milliliter samples of whole 
peripheral blood were obtained from HCMV seropositive 
volunteers (detected by standard antibody methods) , Whole, ; 
blood was sedimerited for 10 minutes at 1400 rpm in a 
tabletop centrifuge and red blood cells removed. The white > 
blood cells (WBCs) were separated using Ficoll-HyPaque 
(DuPont) density gradient centrifugation as follows. The ; . 
buffy coat was diluted to 12 ml with phosphate buffered 
saline,, and 6 ml were layered on top of Ficoll-HyPaque. 
After centrifugation at 2000 rpm in a tabletop centrifuge .; - 
for 15-30 minutes, the interface containing the white blood 
cells was removed, diluted in PBS and pelleted for 8-12 
minutes at 1000 rpm. The cells were again resuspended in 
: PBS and washed as above one additional time. The white : 
blood cells were resuspended at 4-5 million cells/ml in % 
cell medium (TCM) containing human serum obtained from ; ' 
pooled AB+ (blood group) HCMV seronegative donors. 
" Example 2. ■: * Derivation of LCL Antigen- 

,. Presenting Cells- 

[00046] Simultaneously, an autologous antigen presenting 
■ cell line was prepared by Epstein Barr virus immortalization 
of peripheral blood leukocytes according to methods in 
.Current Protocols in Immunology, Unit 7.22, Wiley-Liss Press 
(1993) . The cytotoxic T lymphocytes and antigen preseriting 
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cells were derived from the same individual to ensure HLA 
matching between the cell lines. 

Example 3. In vitro Stimulation of T Cell Clones bv 

5 ■ ■ ■ HCMV . 

[00047] To initiate the in vitro stimulation of the T 
cells, a monolayer of autologous dermal fibroblasts obtained 
from the same volunteers as the white blood cells was 

10 established by plating the cells in 12-well plates at 10 5 : . 
cells/ml/well in DMEM containing 10% human AB+ serum for 24 
hours. After 24 hours in culture, the fibroblasts were 
infected with HCMV virions (AD169 or Towne strain) for 2 
hours at a multiplicity of infection of between 1 and 5. 

15 The medium and virus were aspirated from the monolayer, and 
1 ml of fresh medium was added. The monolayer was incubated 
in the medium for an additional 4 hours, following which 
time the medium was aspirated. Two milliliters of medium 
containing 8-10 million white blood cells were added to each 

20 well containing HCMV infected fibroblasts. The white blood 
cells and fibroblasts were cultured in RPMI-1640 (Irvine 
Scientific) containing 50 U/ml penicillin, 50 ug/ml 
streptomycin, 4 mM L-glutamine, 25 pM 2-mercaptoethanol, 10 
. mM HEPES and 10% human AB+ serum. . The cells were co~ : 

25 incubated for 7 days. Serum was replaced if it became 

spent, or the culture expanded if there was vigorous cell 
growth. 

[00048] The white blood cells were re-stimulated on day 7 
by plating onto a fresh monolayer of HCMV-infected 
30 autologous fibroblasts prepared as described above. In 
addition, y-irradiated (2500 rad) autologous peripheral 
. blood leukocytes (5-fold over WBC) were added as feeder 
. cells, and the medium was supplemented with recombinant IL-2 
(10 10/ml, Chiron-Cetus) on days 2 and 4 of this second 
35 stimulation. . Wells that exhibited rapid cell growth .were 
supplied with new medium containing IL-2 as. the medium 
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became spent. After 12-16 days in culture, the cells were . , 
harvested and assayed for recognition of HCMV matrix... 
proteins in a chromium release assay. 

Example 4. Chromium Release Assay, 

[00049] Autologous or HLA-mismatched (control) target 
antigen presenting cells by infection with recombinant 
vaccinia viruses containing the DNA for HCMV ppl50 or wild—, 
type virus, strain WR, were prepared. After overnight 
infection, the antigen presenting cells were incubated with 
chromium-51, and the assay was carried out according to 
known methods. In the chromium release assay, the vaccinia- 
infected target cells were loaded with chromium-51 and then • 
mixed with T-cells (effector cells) . Preferably, the cells ; 
were mixed at a series of effector : target (E:T) cell 
ratios varying from 20:1 to 1:1. After a 4 hour incubation" 
period, the medium in which the cells were incubated was 
harvested. The release of radioactivity into the medium 
(Rj was quantitated with a gamma scintillation counter.. 
The extent to which infected antigen presenting cells 
exhibit spontaneous lysis and the release of radioactivity 
(R s ) in the absence of cytotoxic T lymphocytes was 
established for each virus vector. The maximum amount of 
radioactivity incorporated into and releasable by the target 
. cells (EO was established by lysis of target cells in a 
detergent (1% Triton X100; Sigma) solution. Percentage 
cytotoxicity was* expressed as: 

100 X ((Re) -(Rs)) / ( (Rnax) - (Rb) ) V 

Assays were deemed unacceptable and were repeated unless 
spontaneous release (R,) was less than 30%. A positive : V 
result for pplSO indicates that, in the, tested polyclonal ..• 
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population, there are T cells which recognize the ppl50 HCMV 
protein expressed by the virus. 

Example 5. Derivation of CTL Clones Utilizing pplSQ 

5 . xnf^gted Fibroblasts. 

[00050] An additional method to derive CTL is to create 
autologous antigen presenting cells, expressing a 
recombinant form of HCMV proteins, including ppl50. A mono- 

10 layer of fibroblasts as described in Example 1 is infected \ 
with ppl50 Vac and the virus is allowed to propagate on the y 
cells for several hours. The monolayer is washed and 
irradiated using a Stratalinker 5 * apparatus (Stratagene, 
LaJolla, CA) . This procedure inactivates further growth of 

15 the vaccinia virus however, allowing expression to continue. 
White blood cells are added to the monolayer as described in 
Example 3. This stimulation is directed at one HCMV protein 
and focuses the immune response specifically to pplSO. 

20 Example 6. Identification of the CTL 

' Epitppe. 

[00051] White blood cells stimulated two times by HCMV on 
dermal fibroblasts or by ppl 5 OVac- infected fibroblasts were 

25 cloned by limiting dilution in 96 well U-bottom plates- The 
white blood cells were depleted of CD4+ T cells using : 
paramagnetic beads conjugated to anti-CD4 antibodies. The 
resulting population was generally between 90-95% CD8 + , a 
reliable T cell subset marker, and generally 99% CD3 + , a \ 

30 marker for most peripheral blood T cells, as assayed by 
either flow cytometry or fluorescence microscopy. This 
final population was plated at a concentration between 0.3-3 
cells per well in a final volume of 150 Each well also 

contained y-ir^adiated 1.0-3.0 x 10 5 allogeneic peripheral 

35 blood mononuclear cells in T cell medium containing human 
AB+. serum supplemented with 50-100 IU /ml recombinant IL-2 
: (Chiron-Cetus) and 0.5 yig/ml PHA (Murex)... 
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[00052] After 3 days of culture, the PHA was diluted 2- 
fold by exchanging 75 |il with fresh culture medium 
supplemented with rIL-2. The wells were supplemented with 
fresh rIL-2 every 3-4 days, and medium was replaced as 
necessary. The cells were restimulated at between 12-14 
days with fresh allogeneic peripheral blood mononuclear 
cells as described above, and the plates were carefully : 
observed for growth in individual wells. Visible cell 
growth indicated the need to transfer the expanding T cells 
to larger wells. T cells were restimulated every two weeks, 
and were transferred to progressively larger wells. 
[00053] At the stage of accumulation of several million 
cells, some were cryopreserved, and others were used for 
chromium release assays. The target cells were HCMV 
infected fibroblasts, uninfected fibroblasts, or autologous 
lymphocyte cells* lines infected with either wild type 
vaccinia or vaccinia virus expressing ppl50 or truncated 
ppl50. HLA mismatched fibroblasts and lymphocytes were used 
as controls. T cell clones which were both HCMV and pplSO-v 
specific, and reactive only to autologous targets were 
selected as positive. T cell clones with different HLA 
phenotypes were isolated in the same way, using initial 
peripheral blood samples from volunteers having different • 
HLA genotypes. By repeating this method using target cells 
presenting smaller and smaller portions of ppl50, including 
synthetic 15-20 amino acid peptides taken from ppl50 and 
deletions thereof, the minimal cytotoxic epitope for that . 
particular HLA allele was discovered. 

[00054] The purity of all peptides was confirmed by HPLC 
on a Vydac C 18 column using acetonitrile/TFA as the moving 
phase. Preferably, peptides should be 70-80% pure or more 
and the. CD8 + status, characteristic . of CTL which recognize 
Class ! restricted peptides., should be confirmed. 
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; Example 7. Immunization of Bone Marrow Transplant 

. Patients- 

[00055] A therapeutically active form of an antigenic 
5 peptide according to the present invention is administered 
to an HCMV-seropositive bone marrow transplant donor at a 
sufficient time before donation of the tissue (six to eight 
weeks , for example) in single or multiple doses separated by 
a given number of days or weeks prior to bone marrow 

10 transplant to enable the development of an anti-HCMV • 

cellular immune response. The antigenic peptide can be made 
in accordance with the parameters described in the 
specification or according to any known method, and 
administered with or without an adjuvant. Preferably, 

15 multiple doses are given. If an unmanipulated bone marrow- 
graft is to be given to the recipient, such a graft will 
• contain 25% or more of mature T cells. The T cells present 
in the immunized donor's bone marrow will confer active 
immunity to the bone marrow transplant recipient. 

20 Alternatively, when a T cell-depleted bone marrow graft is 
to be employed, an aliquot of T cells from the immunized . 
donor can be administered to the patient following (for 
example, approximately 21 to 35 days) transplantation in 
order to provide the recipient patient with HCMV immunity. 

■ 25 

Example 8. Immunization of Healthy Adult Women of 

Child-Bearing years* 

[00056] A therapeutic form of antigenic peptide according 
30 ;" to the present invention is administered to a HCMV-negative 
or HCMV-positive women of child-bearing years either before 
or after conception. A vaccine comprising a single or 
multi-epitope vaccine prevents or reduces primary HCMV 
infection of the fetus and of children who may come in , 
35 . contact with the. woman. The vaccine is used to prevent .new 
HCMV infection, or to. limit existing infection which may be 
damaging to the developing' fetus. 
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Example 9." '■ Recognition of Modified Vaccinia Ankara 

fMVAl Injgctfid EBV-LCL. ■ 

V [00057] Recombinaint modified Vaccinia Ankara (MVA) > 
5 expressing HCMV ppl50 were used to infect EBV LCL from 
individuals who had the HLA A*0301 allele or the A*68xx 
allele. T-cell clones specific for the epitopes of SEQ ID 
NOS: 1 and 2 were able to recognize these targets in a 
chromium release assay performed as described for Example 3. 
10. Very substantial lysis (>60% specific cytotoxicity) was 

seen, with specificity more than 5 fold greater than that 
seen with targets expressing wild-type MVA. 

- Example 10. Screening for CMV Immunity with HTiR / 
15/ • Tfitramer Reagents Completed to CMV 

/ ' peptides. . 

[00058] Peripheral blood is collected from human donors 
/and recipients of allogeneic hematopoietic stem cell 
20 transplant (HSCT) after obtaining consent. Study 

participants conveniently may be related sibling donors and 
recipients undergoing allogeneic HSCT for hematologic 
".' malignancies including myelodysplasia. The donors and/or 
the recipients are CMV seropositive, and all are HIV- 
25 negative. Donor samples are drawn prior to administration 
of granulocyte colony stimulating factor (GCSF) , and 3-5 
days later, at the time of cell harvest for transplant. 
Recipient blood samples are taken 40, 90, 120, 150 and 180 
days after transplant (stem cell infusion). Monitoring for 
30 CMV reactivation is done twice weekly as part of routine 

patient management by both PCR and blood culture shell vial 
.7 assay on plasma samples. When CMV reactivation is detected 
(defined as two positive PCR assays or one positive blood 
culture result) the patient is treated with prophylactic 
35 gancyclovir for. 6 weeks. 

[00059] Peripheral mononuclear cells (PBMCj are isolated 
by standard density gradient centrifugation from heparinized 
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blood, washed, resuspended in FCS (Hyclone, Logan, TU) with 
10% DMSO, aliquoted and cryopreserved in liquid N 2 . Studies 
are performed on PBMC that have been thawed and assayed 
directly with no cultivation or stimulation in vitro. Cells 
5 are labeled with HLA A*0301 (A3) or HLA A*6801 (A68) 
• tetrameric reagents prepared as follows . Tetrameric 
reagents are refolded and purified using known methods. 
Conveniently, the reagents may be prepared using a minor 
modification of the procedure used by the NIAID Tetramer 

10 Core Facility (www.emory.edu/WHSC/YERKES/VRC/tetramer.html). 
Briefly, A3 or A68 heavy chain and beta-2-microglobulin 
({J 2 M), cloned in the vector pHNl, are expressed in E. coli 
XA90 and refolded with the peptides SEQ ID N0:1 or 2, 
respectively. The refolded HLA-A3 or A68 /^/peptide ' 

15 complexes are biotinylated using the enzyme BirA (Avidity 
Inc.) and then purified by FPLC using a Sephacryl S300 gel 
filtration column, followed by a MonoQ ion exchange column. 
The purified biotinylated HLA-A3 or A68/p 2 M/peptide 
complexes are conjugated to either streptavidin-PE 

20 (Pharmingen) or to streptavidin-APC (Molecular Probes) . ■ . ■ \ 
Labeling of cells typically is performed using 0.5 pg 
tetramer to stain 0.5-1.0 million cells in a 50-100 ul 
volume of PBS/0.5% BSA for 20 minutes. The cells then are 
washed and analyzed on a FACScalibur 511 (BDIS) flow cytometer. 

25 A lymphocyte gate is set based on forward and side scatter 
and a minimum of 30,000 gated events captured. Quadrants 
are set based on the negative controls and the number of 
tetramer-positive cells is expressed as a percentage of the 
lymphocyte population. 

30-. ; .> 

.'. Example 11. Detection of IFN-v Production by- 
• Lymphocyt es on Peptide Stimulation, 

35 [00060] Thawed aliquots of PBMC are washed with cold 

buffer (PBS/0. 5% BSA) and labeled with tetrameric reagents; 
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prepared as described in Example 10 or by any convenient 
• method for 20 minutes. The cells then are washed, 
resuspended in 1 ml RPMI-1640 (Irvine Scientific) 
supplemented with 10% PCS and incubated overnight at 37 °C in 
5 a 5% C0 2 incubator. Brefeldin A (GolgiPlug™, Pharmingen) is 
added to 1 uM after 1 hour. To some aliguots, viral epitope 
peptides (SEQ ID NO:l or 2) are added at 10 ug/ml and to 
others, an irrelevant HLA-restricted peptide is added as a 
negative control. The following day, the cells are washed 

10 and sub-aliquoted into individual 12x75 mm tubes at 1 x 10 6 
cells per aliquot. The cells are labeled with FITC- 
conjugated antibody to CD8 (Pharmingen) by incubation for 20 
minutes at 4°C in 50 ul buffer. The cells then are washed, 
fixed and permeabilized (Cytofix/Cytoperm, Pharmingen, La 

15 Jolla, CA) before labeling with 5 ul APC-conj ugated antibody 
to IFN-y for 20 minutes at 4"C. The labeled cells' are 
washed and analyzed by flow cytometry. 
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1. *A peptide according to .SEQ ID NO: 1.. ' 

5 2. A peptide according to SEQ ID NO: 2. 

. 3. A vaccine against human cytomegalovirus which : 
comprises a peptide selected from the group consisting of 
SEQ ID NO: 1 and SEQ ID NO: 2. 

10 

4. A vaccine according to claim 3, which further 
comprises an adjuvant. 

• 5. A vaccine according to claim 4, wherein said 
15 adjuvant is a DNA adjuvant/ 

6. A vaccine against human cytomegalovirus which 
comprises a peptide selected from the group consisting of 
SEQ ID NO: 1 and SEQ ID NO: 2 and a DNA adjuvant. 

20 -' : ' 

7. A cellular vaccine against human cytomegalovirus 
which comprises antigen presenting cells which present a 
peptide selected from the group consisting of SEQ ID NO: 1 
and SEQ ID NO: 2. 

25 

8. A method of modulating the immune response to 
human cytomegalovirus infection, which comprises 
administering a vaccine according to claim 3. .. r 

30 9. A method of modulating the immune response to human 

cytomegalovirus infection, which comprises administering a 
vaccine according to claim 7... ■ '\ 
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10. A method of vaccinating a mammal in need thereof 
against human cytomegalovirus, which comprises administering 
to said mammal a vaccine according to claim 3. 

11. A method of vaccinating a mammal in need thereof 
against human cytomegalovirus, which comprises administering 
to said mammal a vaccine according to claim 7 . 

12. A recombinant viral vector which contains a gene 
encoding a peptide selected from the group consisting of SEQ 
ID NO: 1 and SEQ ID NO: 2. 



13. An immunological reagent which comprises a peptide 
selected from the group consisting of SEQ ID NO: 1 and SEQ 
IS •' ID NO: 2. 

.14. An immunological reagent according to claim 13, 
which is a diagnostic reagent. 

20 - 15. A diagnostic reagent according to claim 14, which 
comprises a complex of beta-2 microglobulin, a biotinylated 
: mhc class I molecule conjugated to streptavidin linked to a 

fluorescent marker, and a peptide selected from the group 
■ consisting of SEQ ID NO: 1 and SEQ ID NO: 2. 

25 

16. A diagnostic reagent according to claim 15, _" 
wherein said complex is a tetrameric complex. 

17. A diagnostic reagent according to claim 15, 
30 wherein said complex is a dimeric complex. 



